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In a microemulsion made with Triton X-100, the stability of the enzymatic activity was higher than in ionic 
microemulsions. The stability increased with water content. The kinetic constants (Michaelis constant of 
NAD ÷ and maximum velocity) were close to those found in the previously studied microemulsions. The 
Michaelis constant of NAD ÷ expressed with respect o the buffer volume was higher than in water. The 
pH dependence of the kinetic constants in this microemulsion was determined. The activity determined by 
NAD ÷ reduction decreased with water content, whereas the redox activity determined via butanol oxidation 
coupled to retinal reduction was only slightly reduced. 
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1. INTRODUCTION 
The use of enzymes in reverse micelles and 
microemulsions i  a developing area [1-3]. In [4], 
we described the behavior of horse liver alcohol 
dehydrogenase in microemulsions made of ionic 
detergents: SDS and cetyltrimethylammonium 
bromide. We describe here the reactivity of this en- 
zyme in a microemulsion made with the non-ionic 
detergent Triton X-100 [5]. 
purchased from Aldrich. The buffer was 50 mM 
Tes, pH 7.5, unless stated otherwise. 
2.2. Microemuls ions 
The compositions of the systems are given in 
table 1. Microemulsions were prepared at 20°C by 
adding the various constituents under constant 
stirring (N, non-ionic surfactant; b, 1-butanol as 
cosurfactant). The ratio of surfactant to cosurfac- 
tant was kept constant. 
2. METHODS AND RESULTS 
2.1. Materials 
Materials were as in [4]. Triton X-100 (Sigma) 
was used without further purification. Retinal was 
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2.3. Act iv i ty  tests 
In the Nb microemulsions, 1-butanol had two 
functions: cosurfactant and enzyme substrate. The 
kinetic data were plotted according to Eadie [6]. 
2.4. Enzyme stabil ity in microemuls ions 
Experiments were performed in microemulsions 
Nb-1 to Nb-4. For each system, two microemul- 
sions were prepared containing (i) buffer only and 
(ii) the coenzyme: NAD +, 1 mM for Nb-1 and 
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Table 1 
Composition of the microemulsions 
Cyclo- Water 
hexane (buffer) 
Surfactant Cosurfactant 
Triton l-butanol 
X-100 
12 12 
12 12 
12 12 
12 12 
Nb-I 76 t>0 
Nb-2 73 3 
Nb-3 69 7 
Nb-4 66 10 
The ratios are expressed in weight (o70) (w/w). Buffer 
was 50 mM Tes, pH 7.5 
3 mM for Nb-2 to Nb-4 (overall concentration). 
The enzyme (0.15 nmo]) was incubated in 
microemulsion (i) (0.40 ml). At intervals, 
microemulsion (ii) (0.30ml) was added to 
microemulsion (i) and the absorption increase was 
fo~Dwefi m 3~b rim. 
The stability of the activity increased with water 
content. Even in microemulsion Nb-1 containing 
the least amount of  water, the half-life was I2 h 
and in microemulsion Nb-4, 4 days (fig.l). 
2.5. Michaelis constant o f  NAD + and maximum 
velocity o f  NAD + reduction in buffer 
Increasing amounts (5 to 50/A) of buffer solu- 
ffon containing 17.I M l-butanol and lOmM 
NAD ÷ were added to 0.1 M 1-butanol solution. 
Tne reaction was "lr/~fiate6 "by a~&fion of '¢ne en- 
zyme solution (75 pmol). The results are listed in 
table 2. 
2.6. Michaelis constant o f  NAD + and maximum 
velocity o f  NAD ÷ reduction in 
microemuisions and their ,oH dependence 
in microemulsion Nb-4 
The Michaelis constant (Kin) and maximum 
ve loc i ty  (Vmax)  of NAD + were determined in 
microemulsions Nb-2 to Nb-4, in which the water 
content was varied from 3 to 10o70 (w/w). For each 
determination two microemulsions were prepared 
containing (i) only buffer and (ii) coenzyme NAD + 
(3 mM). Varying amounts of microemulsion (ii) (5 
to 50/A) were added to microemulsion (i) to give a 
final volume of 0.7 ml. The reaction was initiated 
by addition of the enzyme solution (0.15 nmol) 
(table 2). 
The pH dependence of the kinetic constants was 
!t00 
50 
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Fig.l. Alcohol dehydrogenase activity in microemul- 
sions Nb-1 to Nb-4 as functions of time. Activity 
expressed in °7, to the initial activity in microemulsion: 
Nb-1 (e); Nb-2 (zx); Nb-3 (,,); Nb-4 (©). 
determined in microemulsion Nb-4 prepared with 
50 r:o.rVJ b~.fYe.r, pH 6.~, 7.5 ~d &5. TSe res~lta ~e 
summarised in fig.2. 
The Kmwv (Kna expressed with respect o the buf- 
fer volume) of NAD + was almost constant over 
3-10°70 water content of the microemulsions and 
had a larger value than in buffer. The maximum 
microemulsion Nb-4 amounted to 33% of that in 
bu~ter. q~he constants varied only slightly with pH. 
Table 2 
Michaelis constant of NAD + and maximum velocity of 
NAD + reduction with alcohol dehydrogenase in buffer 
(l-butanol) and microemulsions Nb-2 to Nb-4 
Micro- Kmov Kmwp Vmax 
emulsions (aM) (umol. min-1, mg 
enzyme- l) 
Nb-2 
Nb-3 
Nb-4 
Buffer 
100 mM 
1-butanol 
35 1400 80 
70 1150 170 
130 980 420 
91 1400 
The Michaelis constant was expressed with respect to the 
total volume (Kmov) and with respect to the buffer 
volume (Kmwp). Buffer was 50 mM Tes, pH 7.5 
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Fig.2. Michaelis constant (©) and maximum velocity (o) 
of NAD ÷ in microemulsion Nb-4 as a function of pH. 
Table 3 
NAD ÷ reduction rate and l-butanol/retinal exchange 
rate as a function of w0 (water content) in non-ionic 
microemulsion Nb-1 to Nb-3 containing 0.14mM 
NAD + and 50/zg/ml enzyme 
Micro- Water NAD + l-BuOH/retinal 
emulsion content reduction (10/zM) 
(%) rate exchange rate 
(mmol • min- 1. mg enzyme- l)
Nb-I >0 0.038 0.13 
Nb-2 3 0.079 0.14 
Nb-3 7 0.12 0.17 
The reduction and exchange rate were determined at340 
and 370 nm, respectively 
at 370 nm. The results are presented in table 3. The 
redox activity decreased much less at lower water 
content than did the overall activity. 
2.7. Redox activity 
Since binding and dissociation of the coenzyme 
and thus the activity may be perturbed in 
microemulsions with low water content, we deter- 
mined the redox activity in a reaction which does 
not involve the coenzyme binding dissociation. 
The ultraviolet absorption at 280 nm of the surfac- 
tant complicates the utilization of cinnamaldehyde 
(Amax = 320 nm), which has been used previously 
for this purpose [4]. We therefore carried out the 
redox activity determination with retinal as oxi- 
dant and the cosurfactant butanol as reductant. 
Retinal is a substrate for this enzyme [7,8], and ab- 
sorbs at 370 nm (E = 1690) [9], well away from the 
surfactant absorption (fig.3). 
Microemulsions Nb-1 to Nb-3 containing NAD ÷ 
(0.14 mM) were prepared, enzyme (50/~g for 1 ml) 
added and the activity determined at 340 nm. For 
measurement of the redox activity, the microemul- 
sions contained NAD ÷ and retinal. Enzyme was 
added and the absorption decrease was determined 
Butanal ~1¢ E-NADH / "~ Retinal 
Fig.3. Redox reaction catalyzed by HLADH. 
3. DISCUSSION 
Since the critical micellar concentration of 
Triton X-100, a non-ionic surfactant, is substan- 
tially lower than that of most ionic surfactants 
[10], the enzyme should be more stable in 
microemulsions made with Triton X-100 than in 
those made with ionic detergent. Indeed, we found 
that horse liver alcohol dehydrogenase howed a 
higher activity stability in Triton X-100 than in 
ionic microemulsions. The activity determined by 
NAD + reduction was significant in a microemul- 
sion of low water content (labelled 0) (table 3). 
Microemulsion Nb-1 contained the water of the 
buffer with the enzyme and the water present in the 
detergent. In contrast, the activity determined with 
the redox test was quite high in microemulsion 
Nb-1. It is likely the binding dissociation process 
of the coenzyme to enzyme which is perturbed. In- 
deed, the coenzyme as well as its binding site on the 
enzyme contains a polar group. Hence, as the 
medium becomes less solvating, binding of the 
coenzyme to the enzyme becomes stronger [4]. 
Therefore, the activity determined by NAD ÷ 
reduction involving binding and dissociation of the 
coenzyme may be reduced whereas the binding 
dissociation of the substrate and the redox reaction 
have high rates. 
35 
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The Michaelis constant of NAD ÷ and the max- 
imum velocities were determined. The Michaelis 
constant of NAD ÷ expressed relative to the water 
content (Kmwp) was increased over the value in buf- 
fer, as we had found in ionic microemulsion [4]. 
For alcohol dehydrogenase from Ther- 
moanaerobium brockii, the Michaelis constant ex- 
pressed in the same manner had a value close to 
that found in buffer [11]. The mechanism of liver 
alcohol dehydrogenase ems to be modified in the 
microemulsions. The pH dependence of the 
Michaelis constant of NAD ÷ and of maximum 
velocity was close to that found in buffer. 
Microemulsions made with a non-ionic detergent 
may be very useful media for synthetic transforma- 
tions using enzymes acting on substrates of low 
water solubility [12-14]. 
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